Abstract:
Introduction
Complexes of copper(I) cyanide have been widely investigated in the past [1] [2] [3] . CuCN possesses a distinct ability to form complexes with infinite inorganic fragments of different topology. It forms one-dimensional chains (CuCN) n [4] as well as two-dimensional layers [5, 6] and three-dimensional networks [Cu x (CN) y ] n [7, 8] . A topological variety of CuCN networks becomes possible due to a strong bridging tendency of CN group. This tendency is a common feature of all pseudohalogens, like SCN, OCN etc. In addition to the bridging tendency a metal-metal bonding in the systems with infinite metal-CN fragments is quite common. The structure of [Cu x (CN) y ] n network depends on a number of factors, like preparation conditions or dentate character of ligand. A high amount of Cu I in the complex corresponds to a higher complexity of [Cu x (CN) y ] n frameworks. Different stoichometries of (CuCN) n •L can be prepared by using a variety of preparative techniques, like hydrothermal synthesis or a simple refluxing of the reaction mixture. For example, Pike at al. reported that refluxing of CuCN in a mixture with KCN medium and piperazine resulted in the formation of complex (CuCN) 20 (Piperazine) 7 [9] . It is surprising that hydrothermal treatment of the identical mixture resulted in the formation of crystals of the same stoichometry. Similar to complex (CuCN) 20 (Piperazine) 7 crystals of monoclinic CuCN•CH 3 CN complex were prepared under hydrothermal conditions at 250ºC [6] , whereas preparation of CuCN•CH 3 CN was done by simple dissolution of CuCN in liquid CH 3 CN as reported in [10] . Various copper(I) cyanide networks are also possible in pure inorganic systems. Complexes [14] . The role of dentate character of the ligand in the templating the structure of [Cu x (CN) y ] n network has been described in a number of publications [4, 8, 9, 16] .
It is also quite remarkable that the crystal structure of a so-called low-temperature modification of CuCN, which looks very simple, consists of one-dimensional CuCN chains [17] Two novel complexes of CuCN were characterized by using a single-crystal X-ray diffraction technique and Raman spectroscopy. In the structure of 2CuCN•DMSO ligand molecule demonstrates unique bridging mode, being bound to two Cu I centers via oxygen and sulfur atoms. The bridging role of both CN groups and DMSO molecules results in the formation of (CuCN·DMSO) n framework. Along the channels of the network are running infinite zig-zag (CuCN) n chains, which are bound to the framework by elongated Cu... (CN Similar to the complex I, the crystals of complex II were grown from a solution of CuCN (200 mg, 2.233 mmol) in DMSO (10 mL, 141 mmol). However, in this case, the reaction mixture was not heated. The complex II was prepared at room temperature. It has to be noted that after 1 week mother liquor stratified into two phases -green and colorless. The crystals of II were formed in a colorless phase. The so-called green phase was possibly the suspension/solution that consisted of Cu II derivative(s) found in the raw CuCN (see Materials). On the other hand the colorless phase was a solution of CuCN in DMSO formed under roomtemperature conditions.
Preparation

Raman spectroscopy
Raman spectra of complexes I and II were recorded on a Horiba Jobin-YvonLabRAM HR spectrometer using the 632.81 nm excitation line of a He-Ne laser with regulated power in the range 25 mW -0.0025 mW from single crystals.
X-ray diffraction
Single-crystal data were collected on a Rigaku AFC7 diffractometer equipped with a Mercury CCD area detector using graphite monochromatized MoKα radiation. Data treatments were performed using the Rigaku CrystalClear software suite program package [31] . Both structures were solved by using the SIR-92 [32] program (teXan crystallographic software package of Molecular Structure Corporation [33] ) and refined with SHELXL-97 [34] software, implemented in program package WinGX [35] . Because of impossibility of distinguishing between carbons and nitrogens all atoms of CN groups, in both I and II structures, were refined as a mixture of 50% N + 50% C. These atoms are denoted further as (CN). Hydrogen atoms of ligand moieties were included on idealized positions and refined with geometrical restrictions. Figures were prepared using the DIAMOND 3.1 software [36] . Experimental details and crystallographic data are listed in the Table 1 .
Results and discussion
Crystal structure of I and II
In the structure of compound I DMSO molecule demonstrates unique bridging mode, being bound to two Cu I atoms via oxygen and sulfur atoms (Fig. 1) . The Cu1 -O1 distance of 2.242(5) Å is slightly longer than that in CuCN•DMSO (2.22(1) Å, one may also note, that the XRD structure determination of CuCN•DMSO was performed at room temperature, whereas our data was obtained at the temperature of 200 K. The Cu1 -S1 bond is slightly longer -2.409(2) Å. Similar Cu I -S distances of 2.298 (5) Both crystallographically independent Cu I atoms possess distorted tetrahedral surrounding. In the case of Cu1, coordination environment involves, besides already mentioned oxygen and sulfur atoms, two CN groups with the same Cu1 -(CN) 1 distances of 1.913(5) Å. The shape of Cu1 coordination polyhedron is nearly tetrahedral, with the S1 -Cu1 -O1 ii angle noticeably decreased to 86.37 (14) o (Fig. 1, Table 2 ). Strongly distorted coordination polyhedron of Cu2 atom is composed of four CN groups with two short (1.858(8) and , acts as a bridge between two metal centers with two short Cu2 -(CN) 2 /(CN) 3 distances, whereas the second (CN) 1 -(CN) 1 IV unit forms two short Cu1 -(CN) 1 and two long Cu2 -(CN) 1 bonds (Fig. 1) (Fig. 3, Table 3 ). Trigonal environment of Cu2 atom and tetrahedral coordination sphere of Cu3 are strongly distorted. The 1+2 bridging mode of the CN group causes the distortion of coordination polyhedra and rather short Cu…Cu contact of 2.461(2) Å, whereas Cu…Cu contact found in the analogous case described in [3] is even shorter. Such a 1+2 mode demonstrates two CN groups, and other three are simple bridges between two metal cations. The C-N distances lie in the range of 1.135 (15) Cu distance in the structure I can be found in the Table 2. In the structure II Cu 2 I (µ-CN) 2 fragment consists of the same set of two short (Cu2-(CN) 2 and Cu2-(CN) 5 and two longer bonds -Cu3-(CN) 2 and Cu3-(CN) 5 (see Fig. 3 and Table 3 ). The cuprophilic interaction characterized with Cu2-Cu3 distance is even stronger than in the case of the structure I. 
Raman spectra of I and II
The spectrum of the complex I is distinguished by a single intensive peak that corresponds to the CN stretch vibration mode (Fig. 5A) .
The similarity in CN vibration frequency found in the spectrum of low-temperature modification of CuCN [17] and the vibration frequency found in the Raman spectrum of the complex I enables us to conclude that the highly intensive single peak in the spectrum of the complex I corresponds to the stretch vibration of (CN) 2 -(CN) 3 bond of the non-coordinated (CuCN) n chain. The adsorption line that corresponded to the stretch vibration of the CN group was found to be very intensive in the spectra of both complexes. Commonly, absorption line of the bridging CN group is lies in the range from 2100 to 2150 cm -1 [5, 7, 16] , whereas terminal CN group absorbs at approximately 2050 cm -1 [7] . A group of peaks in the spectra of the complex II consists of two well distinguishable lines at 2111 (ν 4 ) and 2139 (ν 1 ) cm -1 (Fig. 5B ). [Cu 6 (CN) 8 ] 2-framework possesses five crystallographically independent CN groups. Each of them differs from the other by a C-N distance. The peak at 2139 cm -1 can be assigned to a (CN) 3 -(CN) 4 bond ( Table 3 ). Most probably, the peak at 2111 cm -1 corresponds to (CN) 7 -(CN) 7 V or (CN) 8 -(CN) 8 VI bond (Table 3) . The other two peaks (at 2120 (ν 3 ) and 2128 cm -1 (ν 2 )) are poorly distinguishable. They can be assigned to both the (CN) 1 -(CN) 2 and (CN) 5 -(CN) 6 bonds, which have nearly the same length (Table 3) . A detailed analysis of correspondence between the length of CN bond and its IR vibration characteristics can be found in [42] .
The other distinct part of the Raman spectra of both complexes I and II is a set of absorption peaks of DMSO molecule. DMSO possesses two characteristic peaks that correspond to S=O and C-H stretch vibrations. Unfortunately, the relative intensities of DMSO peaks in the spectrum of complex I were of very low intensity. The characteristic peaks that correspondto symmetrical and asymmetrical C-H stretch vibrations of CH 3 groups were found at 2905 (ν s ), 2966 (ν as ) cm -1 (in complex I) and 2916 (ν s ), 3004 (ν as ) cm -1 (in complex II). Both peaks are blue-shifted. The nature of the shift corresponds to the character of the coordination of DMSO molecule which is double coordinated through S and O atoms in the case of the complex I and only single coordinated through O atom in the structure of the complex II (see Crystal structure of I and II). However both types 
